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9.1 SETTING OUT 


Setting out is a procedure adopted to correctly position a specific design feature such as a building, 
a road, a bridge, a dam, etc., on the ground at the construction site. It requires location of the 
control fixed during the original survey. These may be subsidiary stations which are located by the 
method of intersection or resection (see Sec. 6.6) from controls already fixed. Setting out is thus 
the reverse process of detail surveying in that the control stations are used to fix the points on the 
ground in their correct relative positions. 


9.2 POINT LOCATION 


If two control points A and B are known, a third point C as shown in Fig. 9.1, can be located in 
a number of ‘ways. 


{a) 





Fig. 9.1 


(a) Set out distances AC and BC. 

(b) Set out distance AD and then perpendicular distance DC. 
(c) Set off angles 0, and 0.. 

(d) Set off angle 6 and distance AC. 

(e) Set:-vffiaigh -0 and distance BC. 


9.3 INTERSECTION AND RESECTION 


Subsidiary stations close to the work site can be fixed using intersection or resection. The method 
of locating points by intersection and resection is discussed in Sec. 6.6. 
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In Fig. 9.1c, the point C can either be coordinated by observing the angles 0, and 0; or be 
located if its coordinates are known, since the angles 9, and 0, can be calculated. 


Location of points by resection requires pointings made on at least three known stations. This 
technique is very useful in setting out works since tt allows the instrument to be sited close to the 
proposed works, and its coordinates to be obtained from two angle observations. 


The coordinates of appoint C, shown in Fig. 9.2, can be obtained by usual method from the 
given data. However, if many points are to be fixed it is useful to employ the following general 
formulae. The points of known coordinates 4 and B, and the point C to be located, are considered 
clockwise. 


B {Ea Na) 
E acot 05 + Egcot 0a +t{Ng- N 
Ec = Eacot 05 + Escot 04 + (Ns - Na) (9.1) 
cot 0, + cot Gp, 
(Ea. Na) A 
" N,cot 05 + Ngcot 04, — ( Na — N4) 92 
UC cot 04 + cot Oz 042) Fig, 92. OO" 


9.4 TRANSFER OF SURFACE ALIGNMENT-TUNNELLING 


Transferring the surface alignment through a vertical shaft is difficult operation in view of the 
small size of the shaft. Generally, plumbwires are used to transfer directions underground. Essentially, 
the plumbwires produce a vertical reference plane, and on the surface the plane can be placed in 
the line of sight; below ground, the line of sight can be sighted into that plane. This is known as 
co-planing, and the line of sight when established can be used to set up floor or roof stations within 
the tunnel. 


Accurate transfer of surface alignment down a vertical shaft using two plumbwires can be 
achieved by Weisbach triangle method. 


In Fig. 9.3, p and q are plan positions of the plumbwires P and Q on the ground surface 
alignment above the tunnel, respectively. A theodolite, reading directly one second, is set up at A’, 
approximately in line with p and g. In triangle pA'g, the angle pA’g is measured by the method of 
repetition, and the lengths of sides are also measured correct up to millimeter. The angle pq A’ is 
also calculated by applying sine rule. 
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Fig. 9.3 
Now, the perpendicular distance d of A’ from the line gp produced, is calculated from the 
following expression. 


ÁA'qA . ; 
d= D^ d? sin p4'q ...(9.3) 
pq 
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The point p and q are joined by a fine thread, and a perpendicular 44' equal to d in length 
is dropped from A’ on the thread. The foot of perpendicular 4 is the required point on the line qp 
produced which may be occupied by the theodolite for fixing the points on the floor or roof of the 
tunnel. 


9.5 SETTING OUT BY BEARING AND DISTANCE 


Setting out by bearing and distance, or by polar rays as it is often referred to, is a common task 
using modern instrument. The computed values of the angles should always be whole circle 
bearings (WCB) and not angles reduced to the north-south axis, i.e., the reduced bearings. If the 
WCB is always calculated by subtracting the northing and easting values of the point where the line 
starts from point being aimed at, then positive and negative signs of the angle obtained will be 
correct. 


9.6 MONITORING MOVEMENTS 


One of the important tasks of surveying is measurement of small movements due to deformation 
in civil engineering structures or in industrial measurement system. When structure, such as a dam, 
is loaded, it will move, and accurate theodolite observations on to targets attached to the structure 
can be used to measure this movement. The horizontal position of the target can be calculated by 
the process of intersection whilst the vertical movement is calculated by tangent trigonometry. 


9.7 CONSTRUCTION LASERS 


A rotating construction laser produces a horizontal plane of laser light. This may be manifest as a 
line on a staff or, in the case of infrared instruments, located by a photo-electric cell mounted on 
the staff. The equipment allows the task of setting out levels to be carried out by one person, and 
the calculations involved are essentially the same as those for a leveiling exercise. 


9.8 SIGHT RAILS FOR A TRENCH SEWER 


The sight rails are positioned so that the line connecting their upper edges reflects the gradient of 
the trench bottom or the pipe invert, as applicable. A boning rod or traveller of correct length is 
held with the upper edge of its horizontal sight bar just in the line of sight given by the sight rails; 
in this position its lower end stands at the required level (Fig. 9.4). The horizontal sight rails are 
nailed to stout uprights, firmly installed on alternate sides of the trench. These uprights must be well 
clear of the sides of the trenches. Frequent checking of their integrity is essential. 


Traveller or 
Sight rail Boning rod 





(TU ZEE Sight rail 


Required level 
Fig. 9.4 
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9.9 EMBANKMENT PROFILE BOARDS 


The profile boards are nailed to two uprights which are firmly driven into the ground near the toes 
of the embankment (Fig. 9.5). The inner uprights must have clearances from the toes of the order 
of 1.0 m to prevent disturbance. The inner and outer uprights can be spaced up to 1.0 m apart, 
since the sloping boards reflecting the side gradients, need to be of reasonable length for sighting 


purposes. A traveller is used in conjunction with the upper surface of the boards to achieve the 
gradients. 






Sloping board 


Outer upright 


Example 9.1. The four corners 4, B, C, and D of a rectangular building having the coordinates 
given in Table 9.1, are to be set out from control station P by a total station instrument. Calculate 
the WCB and distance to establish each corner of the building. 


Table 9.1 


eshe N 


A 92.849 
B 128.204 
C 78.107 
D 43.352 


The coordinates of P are E 110.383 m, N 81.334 m. 
Solution (Fig. 9.6): 


For corner 4 


E-E 
= = tan” 4 P. 
WCB of PA = Gp, | Ne A 


4 e nd 4|. 7.601 
92.849—81.334 | - 11.515 


33°25'43" 
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VlE, - Ep) +(N, -N,) 
= 47.601 «11.515? 


13.797 m. 


a Soe -Ëp | 


E an [85-1 10.383 
7 128.204 — 81.334 


PA 


i 


For corner 8 


WCB of PB = Opp 


i! 





tan! = 27.754 
46.870 


30*37'55" (from a calculator) 


The whole circle bearings are never negative. The computed value using a calculator is from 
trigonometric functions relative to north-south axis with positive and negative signs depending upon 
the quadrant containing the angle. The tangent value of an angle is positive or negative as shown 
in Fig. 9.7. 


In this case northing of B is greater than that of P so B must lie in the fourth quadrant. 
Therefore 


il 


Op, = 3609 — 30°37'55" = 329°22'08" 
PB = ,(-27.754) + 46.870? = 54.471 m. 
North 
Cor comer Co gm n 
. IV I 
WCB of PC = Ope = tan | =C— SP (0 -Depanare * Depart 
PC Nc - Np | + Latitude + Latitude 


tan = — value tan = + value 


_ tan) 28132-10383 
78.707 - 81.334 





West | 


IT] ll 


4| 777.251 | - * Departure 
~ an | Tus — “= 
tan = + value tan = ~ value 


88°03'08" (from a calculator) 


1 
ILIE Mb Fl -.LIL* 777 r^ F3 F3 3T" FH -3 F3 FI BH 3H IR IR F3 4UHIRIRI IE MALEM GILALIRIR ILI AI AE OL UL IE gon n nn -- 


Since both easting and northing of C are less that those of P as indicated by the negative signs 
in numerator and denominator of the calculation of tan'!, the point C must be in the third quadrant 
to get the positive value of the tangent of WCB. Therefore 
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Opc = 180° + 8803/08" = 268°03'08" 
PC = J(-77251y «(-2.627] = 77.296 m. 


For corner D 


tan" i -Ëp | 


E -] E 


43.352 — 81.334 


iE 


- d = 47°48'19" (from a calculator) 


The point D is also in the third quadrant due to the same reasons as for C above. Therefore 
Opn = 180° + 47°48'19" = 2277*48'19* 


PD = 4(-41.896Y +(-37.982) = 56.55 m. 


Example 9.2. From two triangulation stations 4 and B the clockwise horizontal angles to a 
station C were measured as ZBAC = 50?05'26? and ZABC = 321?55'44?. Determine the coordinates 
of C given those of 4 and B are 


A E 1000.00 m N 1350.00 m 
B E 1133.50 m N 1450.00 m. 
Solution (Fig. 9.8): 
œa = 50°05'26" 
p = 360° — 321°55’442 = 38°04'16". 
If the coordinates of 4, B, and C are (E,, Ni), (Ey, Ng), and (Ec, No), respectively, then 
BD = Ej — E, = 1133.50 — 1000.00 = 133.50 m 
AD = Np - N, = 1450.00 — 1350.00 = 100.00 m. 
Therefore bearing of AB 


|| 


9 = tar! DD. 
AD 
4,133.56 


- tan = 53*09'52". 
100.0 353?09 52 


Bearing of AC = 6,, = Bearing of AB + a 
53?09'52" + 50°05'26" 
103*?15'18". 
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Bearing of BA = bpc = 


Bearing of BC = Bac = 


In A4BC, we have . 
LACB = 


AB = 


AC 


BC = 
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Bearing of AB + 180° 

53°09'52" + 180° = 233°09'52”. 

Bearing of BA — b 

233°09'52" — 38°04'16" = 195*?05'36". 


180° — (a + p) 

180° — {50°05'26" + 38°04’16") = 91?50'18". 
VBD? + AD? 

4133.50? +100,002 = 166.80 m. 


ABsin p 
sind 


166.80 x sin 38°04 16" 
sin 91°50'18" 


102.90 m 


AB sina 
sind 


166.80 x sin 5070526" 
sin 91°50'18" 


128.01 m. 


Lei the latitude and departure of C, considering the line AC and BC, be respectively Lic Dc. 


and L BC: D Ac 


li 


y 
C 
li 


Coordinates of C 
E C 7 


Ne = 


AC cos Que = 102.90 x cos 103?15'18" = — 23.59 m 


= AC sin ĝo = 102.90 x sin 103?15'18" = 100.16 m 
= BC cos ĝe = 128.01 x cos 195?05'36" = — 123.59 m 


BC sin O4, = 128.01 x sin 195°05'36" = — 33.33 m. 


E, + Dyc = 1000.00 + 100.16 = 1100.16 m 
Eg + Dgc = 1133.50 — 33.33 = 1100.17 m (Okay) 
N, + Lye = 1350.00 — 23.59 = 1326.41 m 


= Ng + Lac = 1450.00 — 123.59 = 1326.41 m (Okay). 
Thus, the coordinates of C are E 1100.17 m and NM 1326.41 m. 


Example 9.3. The coordinates 


of two control points A and B are 


A E 3756.81 m N 1376.06 m 
B E 3614.09 m N 1691.63 m. 
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A subsidiary station P having coordinates E 3644.74 m, N 1619.74 m, is required to be 
established. Determine the angles at 4 and P to be set out, and distances AP and BP to check the 
fixing of P. 


Solution (Fig. 9.9): 
Let the bearings of the lines AB, AP, and BP be 0,, 0,, and 0,, respectively. If the coordinates 


of A, B, and P are (E,, N,), (Eg, Ng), and (Ep, Np), respectively, then the bearings and lengths 
of the lines are as below. 





AE,g ^ Eg - E, = 3614.00 — 375681 =- 14272m A 
ANa = Ng — N, = 1691.63 — 1576.06 = + 115.57 m K 
AE,p = Ep - E, = 3644.74 — 3756.81 = — 112.07 m 
AN p = Np — N, = 1619.74 — 1576.06 = + 43.68 m 
AEgp = Ep ~ Eg = 3644.74 — 3614.09 = + 30.65 m 
ANpp = Np — Ng = 1619.74 - 1691.63 = — 71.89 m. 
(i) Bearing of the lines 
AB 
|. 714272. onanan 
= tan d1537 = — $1?00'02". 


Since AF p is negative is positive and AN ,, is positive, the line 4B is fourth quadrant, therefore 


0, = 360° — 5170002" = 308°59'58”. 
0, = tan! SEa 
AN ,p 
-112.07 
= tan — — =- 6894223". 
43.68 


The line AP is fourth quadrant, therefore 
Q, = 360° — 68°42'23" = 291917'37". 





4 AE 
tan 1 BP 
9, = ANa = tant 
-71.89 
= — 23*0527". 


The line BP is second quadrant, therefore 
Q, = 180° — 23°05'27" = 156°54'33", 
Now the angles œ and B can be calculated as below. 
« = Bearing of AB — bearing of AP 
= 0, — 6, = 308°59°58" — 291?17'37" = 17°42'21" 
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P 


Bearing of BP — back bearing of AB 

= 0, — 8, = 156?54'33" — (180? + 308°59'58? — 360?) = 27?54'357. 
To check the computations 

@ = (360° - back bearing of BP) + back bearing of AP 

= [360° — (180° - 156°54'332)] + (180° + 291?17'37^) = 134?23'04? 

Now, m A4PB we should have 
a+pP+ 6 = 180° 
17°42'21" + 27?54'35" + f34*23'04" = 180? (Okay). 

Lengths of the lines 


AP = JAET, AN? 
BP = JAE2,+AN2, = 43065] «(-71.89) = 78.15 m. 





(-112.07Y. + 43.68? = 12028 m. 


Thus ZBAP = 17°42'21" 
LABP = 27°54'35" 
AP = 120.28 m 


BP = 78.15 m. 


Example 9.4. To monitor the movement of dam, the observations were made on a target C 
attached to the wall of the dam from two fixed concrete pillars A and B, situated to the north-west 
of the dam. The coordinates and elevations of the pillar tops on which a theodolite can be mounted 
for making observations, are: 


A E 1322281 m, N 961.713 m, 241.831 m 
B E 1473.712 m N 1063.522 m, 242.262 m 


The observations given in Table-9.2, were made with a theodolite having the height of collimation 
486 m above the pillar top. If the height of C is given by the mean observations from 4 and B, 
determine its movement after the reservoir is filled. 


Table 9.2 













li 
Horizontal BAC 
Vertical angle <C 
| Vertical angle ZC 


+5°33'06” 
48*31'05" 
455438" 














Solution (Fig. 9.10): 

The given data are 
E,, N, = E 1322281 m, N 961.713 m 
Ej, Ny = E 1473.712 m, N 1063.522. m 
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h, = 241.831 m 

hg = 242262 m 

h, = 486 mm 

0, = ZBAC 

6, = ZABC 

œ = Vertical angle to C at A 
D = Vertical angle to C at B. 


C (Ec, NU) 





r 
| 
1 
| 
| 
i 


Cy 


Horizontal 
plane 


Fig. 9.10 


tan) aT Ea 
Ny -N, 


ll 


Bearing $ of AB 


4| 1473.712 - d 
1063.522 - 961.713 


b 
ari ——— 


= 56?05'11.6". 
101.809 


The line 4B is in first quadrant, therefore 
ġ = 56?05'11.6". 


AB = y(E,-E,) *(N5 - NY 


= 4151.43!) «101.809? = 182.473 m. 
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(iy Before filling the reservoir 


Bearing of AC = 


Bearing of BC - 


In AABC, we have 


AC, 


—r- 
— 


Latitude and departure of C from 4 


Lac = AC, cost yr = 

Dic = AC, sino, = 

Therefore Er = 
No = 


Latitude and departure of C from B. 
Lac = BC, cospe = 


Dac = BC, sinB pe = 

Therefore Ec = 
Ne = 

Thus mean Ep = 


mean M. = 
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O,c = Bearing of AB + 0, 

56?05'11.6" + 55*911'23" = 111?16'34.6". 
Osc = Bearing of BA — 0, 

(180? + 56°05'11.67) — 48?31'18" 
187?33'53.6". 


Hl 


Il 


180° — (6, + 69) 
180° — (55*1123" + 48°31'18") = 7691719". 


_ ABsino, 


siny 
182.473 x sin 48° 31' 18" 
sin 76?17' 19" 
AB sin 0 A 
sin y 


= 140.720 m 


182.473 x sm55?11' 23" 
sin 76^17' 19" 


= 154.214 m. 


140.720 x cos 111?16'34.6" = — 31.062 m 
140.720 x sin 111?16'34.6" = + 131.129 m. | 
E, + Dac 

1322.281 + 131.129 = E 1453.410 m 

Na + Lac 

961.713 - 51.062 = N 910.651 m. 


154.214 x cos 187°33'53.6" = — 152.872 m 
154.214 x sin 187?33'53.6" = — 20.302 m. 
Èg + Dac | 

1473.712 — 20.302 = E 1453.410 m 

Ng + Lec 

1063.522 — 152.872 = N 910.650 m. 
1453.4100 m 

910.6505 m. 
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Height of point C 
Height of instrument at A 
H.I. 
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h, + hi 
241.831 + 0.486 = 242.317 m 


Height of C above height of instrument 


Vy = 


Elevation of C 


— 


Height of instrument at B 
H.I. 


AC) tan « 

140.720 x tan 5*33'12" = 13.682 m. 
H.I. + V 

242.317 + 13.682 = 255.999 m. 

hg + h; 


242.262 + 0.486 = 242.748 m 


Height of C above height of instrument 


Ve 


Elevation of C 


Mean elevation of C 


(1) After filling the reservoir 
Bearing of AC = 9,- = 
Bearing of BC = 05. 
In A4BC, we have 


AC, 


BC, 


Latitude and departure of C from A 
Luc = ACy cos 9,c = 
Dic AC, sin O,c = 
Therefore Ec = 


Ne 


BC, tan p 

154.214 x tan 4?54'42" = 13.252 m. 
HILF. 

242.748 + 13.252 = 256.000 m. 


255.999 + 256.000 


5 = 255.9995 m 


56?05'11.6" + 55*11'12" = 111?16'23.6". 


= {180° + 56°05'11.6") - 48°31'05? = 187°34'06.6". 


180° — (55?11'12" + 48?31'05") = 76°17'43". 


182.473 x sin48°31'05" 


- = 140.708 m 
sin76 17:43" 
182.473 x sin55 11 12" 
= 154204 m. 
sin 76 17'43" 


140.708 x cos 111?16'23.6" = — 51.051 m 
140.708 x sin 111?1623.6" = + 131.120 m. 
E, + Dac 

1322.281 + 131.120 = E 1453.401 m 

Na + Lae 

961.713 — 51.051 = N 910.662 m. 


POINT LOCATION AND SETTING OUT 299 


Latitude and departure of C from B 


Lac = BC, cos Opce = 154.204 x cos 187?34'06.6" = — 152.861 m 
Dec = BC, sin Ogc = 154.204 x sin 187°34'063.6" = — 20.310 m. 
Therefore Ec = Eg + Doe 


= 1473.712 - 20.310 = E 1453.402 m 
No = Ng + Lac 
= 1063.522 152.861 = N 910.661 m. 
Thus mean Ec = 1453.4015 m 
mean V- = 910.6615 m. 
Height of point C | 
Elevation of C = HI. at 4 + AC, tan p 
= 242.317 + 140.708 x tan 5?33'06" = 255.994 m. 
Elevation of C = ILI. at B8 + BC, tan P 
= 242.748 + 154.204 x tan 4°54'38" = 255.997 m. 


l 255.994 + 255.997 
Mean elevation of C = >? = 255.9955 m. 
Movement of dam p = 1453.4100 — 1453.4015 


= + 0.0085 m = 8.5 mm west 
54 = 910.6505 — 910.6615 = — 0.011 m = 11.0 mm north. 


The horizontal movement ` 


= Ie 52 +11.0? = 13.9 mm north-west 


z* 14 mm north-west. 
Example 9.5. From two stations A and B a third station C, not intervisible from A and B, is 
to be fixed by making linear measurements along and perpendicular to the line 4B. The coordinates 
of the main stations are: 


A E 908.50 m, N 1158.50 m 
B E 942.00 m, N 1298.50 m 
C E 933.50 m, N 1224.50 m 


Determine the required data to fix C. 
Solution (Fig. 9.11): 


Let the coordinates of the points 4, B, and C be (E,, Na), (Es, Np), and (Ec, No) respectively. 
Also let 


ZBAC = 4, 
AB = L 


Eas 
Nes 
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AD = x 
DB = y = (L - x) 
CD = d 
From Eqs. (9.1) and (9.2), we have 
Ecot 05 + Epcot 04 4 ( N5 - Na) 
Ec ————————————— ... (a) 
cot 6, + cot Og 
N ,cot 0, T Ngcot D, —(Eg — Ea) 
Ne = —— M ...(b) 
cot 0, 4 cot Os 
But (0, = — 
cot 0, d 
2X 
cot 6, = d 
(En Nd (Ec No 
Kigp9.11 
Substituting the values of cot 0, and cot 6, in (a) and (b), we .get 
x y Yip * y. 
Be—+h-— = E+E, —+(N, = 
Ca Ea TEST (Na De) 
(E.—-EgQ)x *(E- - E,)y = (Ng - N 4d 
and (N.—Ny) *(N--N.)y = -(E,-E,)d | 
Let E, — E, = Epa 
Ng — Na = Ng, 
Ec ~ E, = Eca 
No — Na = Nea 
Ec — Eg = Egg 
No - Ng = Neg 
Thus Ecg X + Ec, (L — x) = Ng, d 
Neg x + Ne, (L — x) = ~ Eg, d 
(Ecg - Ec) x - Ng, d = - Ec, L (c) 
(Neg — Nea) x T Epa d = = Nea L ...(d) 
in (c) and (d), there are two unknowns x and d, and solution of these two equations will give 
their values. 


942.00 — 905.50 — 33.50 m 
1298.50 — 1158.50 = 140,00 m 
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Ec, 

Nc, 

Eca 

Nes 

L 


Thus (c) and (d) are 
(- 8.50 — 25.00) x ~,140.00 d 
(- 74.00 - 66.00) x + 33.50 d = 
= 33.50 x ~ 140.00 d = 
~ 140.00 x + 33.50 d 


d 


x — 
Alternative solution 


Bearing of AB = tan 


Bearing of AC 
B, = 


AC = 
AD = 
CD = 


Therefore 
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933.50 — 908.50 — 25.00 m 
1224.50 -— 1158.50 = 66.00 m 
933.50 — 942.00 = — 8.50 m 
1224.50 — 1298.50 = - 74.00 m 


433.50? 4140.00? 


143.95 m. 


— 25.00 x 143.95 
— 66.00 x 143.95 
— 3598.75 
- 9500.70 


185551.55 
20722.25 


70.02 m. 


= 8.95 m 


4 33.50 


14000 ^ 13°27'25.3 


tan”! 25.00 
66.00 
20?44'45.9" — 13?2725.3" = 7°17'20.6" 


425.00? 466.00? = 70.58 m. 


70.58 x cos 7?17'20.6" = 70.01 m 
70.58 x sin 7?17'20.6" = 8.95 m. 


= 20744'45.9" 


Example 9.6. During the installation of plumbwires in a shaft, two surface stations A and B 
were observed from a surface station P near to a line XY. The observations are given in Table-9.4. 
If PB = 79.056 m, PX = 8.575 m, and XY = 6.146 m, determine the bearing of XP given that X 


was the nearer of the wires to P. 


Table 9.4 





Plumb wire Y 
Plumb wire .X 


A (E 1550.00 m, N 1600.00 m) 
B (E 1500.00 m, N 1450.00 m) 


0?02'40" 
85745'44" 
265°43'58" 
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Solution (Fig. 9.12): 


From the given data, we get 


AB 


JG, -Epy *(N, -NY 


(1550-1500) «(1600 —1450Y 


450? 4-150? = 158.114 m. 


af 50 
Bearing of AB = 0,, = tan a = 18726'05.8" 


lt 


LAPB 


Pointing to B — pointing to A 
= 265?43'58" — 85?45'44" = 179°58'14". 
Since P is very close to the line 4B, it may be assumed that 


PA + PB = AB 
Thus PA = AB — PB = 158.114 - 79.056 = 79.058 m. 
, | 
X 
P A 
B 
Fig. 9.12 


Now in AAPB, we have 
sin PAB sin PAB - sin APB 


PB PA AB 
sin PAB — sin PBA _ sin 179^58' 14" 
78.855 79.259 158.114 


sin 179°58'14" = sin (180?. — 1'46") = sin 1'46" = sin 106" 
= 106" x sin 1" (angle being small) 


Similarly sin PAB = PAB" x sin 1" 
sin PBA = PBA” x sin 1" 
79.056 x 106 . 
Therefore ZPAB = 158114 ^ 52.999 
/PBA = 79.058x106 — 53 001^ 
|». 58114 — "" 


Bearing BP = Bearing 4B — ZPBÀ 
= 18?26'05,.8" — 53.001" = 18?25'12.8". 
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Now ZXPY = Pointing on X — pointing on Y 
= 2?02'40" — 0?00'00" 
= 2'40" = 160”. 


In AXPY, we have 
sin AYP = XYP" x sin 1" 
sin APY = XPY" x sin 1” 


AYP XPY 
PX — XP 
PX XPY 8.575x160 
XYP - XP = gag Seconds = 343.2". 
Therefore ZPXY = 180? - (3'43.2" + 2'40") = 179?53'36.8" 


ZBPX = 360° - (pointing on B — pointing on X) 

= 360? — 265?43'58" + 0902'40" = 94?18'42" 
Bearing of PB = Bearing of BP + 180° 

= 18725'12.8" + 180? = 198°25'12.8" 
Bearing of PY = Bearing of PB + ZBPX 

= 198?25'12.8" + 94?18'42" = 292°43'54.8" 
Bearing of XP = Bearing of PX + 180° 

= 292°43'54.8" + 180° = 112?43'54.8" 
Bearing of XY = Bearing of XP + ZPXY 

= 112°43'54.8" + 179°53'36.8" 

= 292°37'31.6" = 292937'32". 

Example 9.7, For setting out a rectangular platform ABCD, a rotating construction laser was 
used. It gave a reading of 0.878 m on a temporary B.M., having a level 45.110 m. The platform has 
a cross fall of 1 in 1000 longitudinally and 1 in 250 transversely. If the platform is 8 m longitudinally, 
i.e., along AD or BD, and 40 m transversely, i.e., along 4B or DC, determine the offsets from the 
laser beam to the corners of the platform. The lowest corner A has a level 45.30 m. 

Solution (Fig. 9.13): 

A construction laser produces a horizontal plane of laser light. In this case the horizontal plane 
produced by the laser beam has a level 

= 45.110 + 0.878 = 45.988 m. 

The levels of all the corners should be found out and difference from the level of the horizontal 

plane produced would be the reading for the particular corner. 
Level of A = 45.30m - 


l 
45.30 + —— x40 = 45.460 m 


Level of B 250 


1 
45.460 + ——x8 = 45.468 m 


Level of C 1000 


i 
Level of D = 45.468 — ca = 45.308 m 
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45,988 m 
0.8378 m 


45.30 m 





Fig. 9.13 
Check: Level of 4 — 45.468 — 1000 x8 = 45.300 m (Okay). 
Offsets to corner A = 45.988 — 45.300 = 0.688 m 

to corner B = 45.988 — 45.460 = 0.528 m 


45.988 — 45.468 = 0,520 m 
45.988 — 45.308 = 0.680 m. 


Example 9.8. To lay a sewer 1s to be laid between two points A and B, 120 m apart, the 
data of profile levelling are given in Table 9.4. The invert level at A is to be 112.250 m, and the 
gradient of AB is to be 1 in 130, B being at lower level than A. 


to corner C 


to corner D 


Table-9.4 










f T 


B.M. = 116.320 m 
A 
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At the setting-out stage, the level was set up close to its previous position, and a back sight of 0.698 
was recorded on the staff held at the B.M. Determine 
(a) the length of the traveler, 
(b) the height of rails above ground level at A and B, and 
(c) the staff reading required for fixing of sight rails at A and B. 

Solution (Fig. 9.14): 


Let us first reduce the existing ground levels from the given levelling record. 


Table 9,5 


un 
| Lan 
' 








COEM MR TOS 
| pes| | [ 9 ma a 

Tasos —| | 3 [nazse 
— pen| | | o [uem 
— es| | | 9 [nao 
Bal | | xe [es] 5 
[femal  -[uex| 5M 


Now the invert levels for the intermediate points and point B are as below: 
at 0 m (A) = 112.250 m 








-Ai|[o|[ t^ [t9 |» [t| — p 


l 
= — x 30 
112.250 130 


l 
— — x60 
112.250 130 


l 
_ — x90 
112.250 130 


30 m 


112.019 m 


60 m 


I 
n 


111.788 m 


90 m 


111.558 m 


1 
120 m (B) = 112.250 ~ 0 %120 = 111.327 m 


The level differences at the intermediate points have been given in Table-9.6. 
Table 9.6 


39 | 114256 | 112019 | 


| 60 | 114395. 111788 | 
[90 | 14.038 | 111.558 
| 120 | 113933 | 111327 | 
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Sight 


profile rail 


Distance -— 


Fig. 9.14 


Seeing the level difference between the ground level and invert level, a traveller or boning rod 
of 3 m length should be sufficient. Further, the line of sight given by the sight rails should have 
gradient of 1 in 130, and it must have clearance of 1 m above ground and also one of the sight 
rails should be about 1 m or so above the ground for convenient sighting. 


Hence the levels of the top sight rails 
at 4 = 112.250 + 3 
at B = 111.327 + 3 
The height of the top of sight rails above ground 
at A = 115.250 - 114.028 = 1.222 m (Okay) 
at B = 114.327 — 113.933 = 0.394 m. 


To achieve the levels of top of the sight rails at 4 and B as 115.250 m and 114.327 m, 
respectively, the staff readings required are calculated below. 


Level of the B.M. = 116.320 m 
B.S. reading on B.M. = 0.698 m 
Height of instrument = 116.320 + 0.698 = 117.018 m 
Staff reading at 4 = 117.018 — 115.250 = 1.768 m 
Staff reading at 5 = 117.018 — 114.327 = 2.691 m. 
To fix the sight rails, the staff is moved up and down the uprights to give readings of 1.768 
m and 2.691 m, respectively, at 4 and B, marks are made thereon corresponding to the base of 
the staff. The sight rail is then nailed in position and checked. Alternatively, the tops of the uprights 


could be leveled, and measurements made down the uprights to locate the finished levels of 115.250 
m and 114.327 m. 


Example 9.9, An embankment is to be constructed on ground having a transverse cross fall 
of 1 in 10. At a cross-section the formation level is 296.63 m, ground level at the centre line being 
291. 11 m. Side slope of 1 in 2.5 have been specified together with a formation width of 20 m. 
Determine the necessary data to establish the profile boards to contro! the construction. 


115.250 m 
114.327 m. 


li 
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Solution (Fig. 9.15): 


The inner upright of the profile board should have a clearance of about 1 m from the toes to 
avoid disturbance. The inner and outer uprights can be spaced to 1 m apart. A traveller is required 
in conjunction with the upper surface of the boards to achieve the gradient. 


As shown in the figure 














2 ats 2n 
where 
b = the formation width (=20 m), 
h = the height of the embankment at centre line (7 296.63 — 291.11 = 5.52), 
n = the transverse cross fall (= 10), and 
s = the side slope of the embankment (= 2.5). 
Thus 
20 10x2.5 20 
= —+——|5.52+ = 
m= 9 EI zs 31.73 m 
20 10x2.5 20 
"2 2 xl | 19.04 m. 
The reduced level of C = 291.11 m 
l 
The reduced level of 4 = 291.11 + ig 1994 = 29301 m 
l 
The reduced level of A = 291.11 - ig 175 — 287.94 m 
19.04 
.The difference of leve! between C and A = "uo ^ 1.904 m 
31.73 
The difference of level between C and B = 40 = 3.173 m. 


In the first instant let us assume the length of a traveller as 1.25 m with centre lines of the 
uprights at 1 m and 2 m, respectively, from toes A and B. 


The level of the bottom of uprights 


l 
inner near 4 = 293.01 + 10°! = 293.11 m 
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i 
outer near A = 293.01 + ip? - 29321 m 


i 
inner near B = 287.94 — ig! = 287.84 m 


"i : ; ^ 
À ily E 





Incr upright 
Outer upright 


l 
outer near A = 287.94 — 197 = 287.74 m. 


The level of sight line at 4 
The level of sight line at 8 
The level of sight line at 


203.0] + 1.25 = 294.26 m 
287.94 + 1.25 = 289.19 m. 


Il 


l 
inner upright near 4 = 294.26 — 35%? = 293.86 m 
l 1 
outer upright near 4 = 29426 — 55" 2 — 293.46 m 
| ! l 
inner upright near B = 289.19 — 55%! = 288.79 m 
l 
outer upright near B = 289.19 — 55%? = 288.39 m. 
The height of the uprights, i.e., altitude of sight line above ground 
near 4 
inner upright = 293.86 — 293.11 = 0.75 m 
outer upright = 293.46 — 293.21 = 025 m 
near B 


inner upright = 288.79 — 287.84 = 0.95 m 
outer upright = 288.39 — 287.74 = 0.65 m. 
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Taking traveller length as 1.5 m for convenience, the altitude of the sight line above ground 
line can be computed in a similar manner as above. 


OBJECTIVE TYPE QUESTIONS 


1. A third point C canno£ be located using two points 4 and B of known locations by measuring 
(a) all the sides of the triangle ARC. 
(b) two angles 4 and B and the length 45. 
(c) all the angles of the triangle ABC. 
(d) the angle A, and the lengths 48 and BC. 
2. Location of a point P by resection is done by observing 
(a) one control point from P. 
(b) two control points from P. 
(c) three control points from P. 
(d) P from three control points. 
3. Co-planing is a process of 
(a) bringing points in same horizontal plane. 
(b) establishing points in a vertical plane at different levels. 
(c) centering the instrument over the ground station mark. 
(d) transferring the surface alignment underground through a narrow shaft. 
4. Accurate stwface alignment down a vertical shaft using two plumb wires is achieved by 
(a) Weisbach triangle method. | 
(b) reducing the size of triangle of error to zero. 
(c) by adjusting the-closing error. 
(d) none of the above. 
5. Sight rails are usd for setting out 
(a) large*buildings. 
(b) bridges. 
(c) the gradient of canal bed. 
(d) the gradient of trench of bottom or pipe invert. 
ó Weisbach triangle method is a method 
(a) of locating the plane table position on paper by minimizing the size of iriangle of error. 
(b) used in transferring the ground surface alignment down the shaft using plumb wires. 
(c) of determining spherical excess in spherical triangles. 


(d) none of the above. 
ANSWERS 


1. (c) 1. (o 3. (d) 4. (a) 5. (d) 6. (b) 


